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so that all parts are accessible. 
Disconnect all hose, tubes, and wire fittings. 
Next, collapse the cell by pulling in on the larger 
surfaces. Then place straps around the cell to 
hold it in the collapsed position, as shown in 
figure 198. 

Remove the cell with as little distortion as pipssible. 



FITTING RiPLAaEMENT 
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Jostle the cell to facilitate its removal, and never leave 
the cell collapsed after removing it from the plane. 
Mark the injury with chalk or powder — ^if the in- 



jury is visible. Gather all small parts and screws 
and place them iii separate containers for each 
fitting. Keep all parts of the cell together so 
that they will not be lost. 



In making an inspection of the cell, dieck it first 
for the presence of gasoline fumes. If fumes are pres- 
ent, air the cell for 24 hours before repairs are started. 
Air may be forced through the cell to lessen the airing 
time.' 

Check the inner liner for blisters. Blisters which are 
not very large at sea level may expand considerably 
at high altitudes because of change of pressure. Blisters 
may also be caused by bullets or shrapnel lodging in 
the cell wall. 

Check the seams and comers for any edges that may 
have become loose. The surging of the fuel will cause 
the loose edges to separate furtSer. Inspect the baffles 




HOW TO INSPECT THE CELL 
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outside of the cell with soapstone or talc. Do not 
use grease, oil, or any material that will cause de- 

CQimeGt all Vmm md fittings to the ceU. lospect for 
Injuries ani wrong size damps. Fill the cell with fuel, 
aud inspect all plac^es where there is a possibility of 
a lesijk* 



All of the following precautions should be carefully 
observed if you are to prevent damage to the cell while 
it*s in storage or service. 

Do not bend cell at fittings. 

Never pick up a cell by the fittings or exterior tubes. 

Do not force hose or fittings into place. 

Carry a cell. Do not drag it. 

Do not carry sharp instruments in your pockets 
while working in cells. 

Always work in pairs in cells. 

Remove shoes when working in cells. 

Always provide far proper ventilation. 

Store ceils in a dean, cool, dai?k, dry place — pref- 
erably in the original shipping container. 

Store cells on their widest flat surface. 

Seal all openings when storing. 

Uncrated cells should never be stacked. If cells 
are in cartons, they may be stacked, but not so high 
as to cause the bottom carton to collapse. 



i&ENillAL PRieAUTIONS 
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CHAPTER 7 



TUBING 



LIFELINES 



All tubing used in modern aircraft may be classified 
as either structural or non-structural tubing. 
Structural tubing is that used to carry loads, such as 
frames, struts, and landing gear. Non-structural tub- 
ing, with which this chapter is principally concerned, is 
that used in the fuel lines, air lines, hydraulic lines, and 
similar parts of the airplane. 

The hundreds of feet of non-structural tubing 
found in aircraft today may be compared with your 
arteries and veins. They are the lifelines of the air- 
plane. Destroy or damage the fuel lines, for example, 
and the entire airplane is put out of commission. It is 
needless to stress the great care which must be taken 
when you are working on these "lifelines," since you 
are already aware of the vital importance of maintain- 
ing the integrity of such strategic parts of the aircraft. 

Tubing carries the gasoline and oil for the engine 
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and the hydraulic pressure for the control of flaps, land- 
ing gear, etc. Tubing is also used as a shield for elec- 
tric winng. 

There are two types of metal aircraft tubing — rigid 
and flexible, Bmm tubing is used to carry fuel, oil, or 
hydmuiic fluid. FxjSsobzj! tubing is used to join low 
pressure Hhe$ and to make connections from fuel Imd 
oil lines to the engiiie itself. 

Any fuel line directly cDnij^ected to the engine 
must be fastened by means of a flexible joint to lessen 
the danger that engine vibration will make the line be- 
come brittle at that point. For these flexible joints, 
specially constructed flexible metal tubing or rubber 
tubing is used. 

The rubber may be either natural or synthetic. Syn- 
thetic rubber is used wherever gasoline and oil resistant 
qualities are necessary. (Ordinary rubber deteriorates 
rapidly when it is exposed to gasoline or oil.) 

In some metaUic flexible tubing, rubber is cdmbined 
with metal. 

Flexible tubing is measured by the insIdI BiAMtf br, 
because in many cases it must fit over rigid tubing. 
It can be obtained in various wall thicknesses, and the 
size needed depends upon the job it is required to per- 
form. Rubber tubing sizes are not held to as close a 
tolerance as rigid tubing. Its wall thickness will be 
only approximate. 

The size of round rigid tubing is given in two dimen- 
sions — the exact outside diameter and the wall 
THICKNESS. The diameter is given in fractions of an 
inch and the wall thickness in thousandths of an inch. 

The accepted practice is to refer to tubing size by 
number, the number being the outside diameter in six- 
teenths of an inch — No. 2 being Vs inch, No. 3 being 
%6 inch, No. 4 being ^ inch, and so forth. 

Aircraft fuel lines are made from aluminum, alum-^ 
Inum alloys, copper brass, or one of various plastics. 
The most widely used tubing material in modem air- 
plane^ is aluminum and its alloys. 
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ALUMINUM TUBING 



Navy speciftcatidiis require that llie alloy and temper 
of tubing be marked by these identiication bands every 
three to five feet. But certain si2eil of tubing are some- 
times stendled with the tube materiid and condition of 
heat treatment, the information being marked in a line 
along the length of the tubing. While identification 
bands are used to indicate the aluminum alloy of which 
the tubing is made, they do not tell you the particular 
use for which a tubing line installed in an airplane is 
employed. There are other markings which indicate 
the uses of the various lines. Don't confuse the two. 



AiiUMiNUM Tubing 



Alloy 


COLOB 


2S 


White 


3S 


Green 


17S 


Yellow 


24S 


Red 


52S 


Purple 


53S 


Black 


61S 


Blue 



Aluminum alloy 52 S tubing has the greatest number 
of uses in an airplane. Alloys 2S and 3S are used for 
parts where strength is not important, as in air speed 
indicator lines. 

Aluminum alloys have taken the place of copper in 
tubing lines to a great extent because of their lightness 
and because they don't work-harden or crystallize 
as rapidly as copper. Aluminum in the "so" condition 
may be fabricated and then installed in the airplane, 
but copper must be annealed after fabrication and be- 
fore it is installed. What's more, it must be re-annealed 
periodically to relieve the strain-hardening caused by 
vibration. 

Copper tubing has now only one major use on an 
airplajne— for small lines runmng from the engine to 
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various instrument installations and for the smaller 
lines of the hydraulic systems. It is used here, because 
it can be easily soMeired. SoMered connections are de* 
sirable on instrument lines, because fittings are hard to 
install on such small tubes. In addition, soidered con^ 
nictiiM make it easier to dismantle and reassemble 
titese small tubes wttbout damap^g the tubing or any 
fittings wWcfe may be presmt. 

Brass is also used for aircraft tubing l)ut^ l&e copper, 
its use is limited. Some oxygen lines and parts of some 
flexible lines are made of it. 



Tiiere are two types of tubing repairs. One is the 
COMPLETE REPLACEMENT of the injured tubing. This 
should always be done when time and the facilities 
permit. 

The other type of tubing repair is the insert type. 
This is a temporary repair, and should be replaced with 
a complete new installation as soon as conditions permit 

you to do so. 

Repairs to tubing depend, of course, on the type and 
use of the damaged tubing. With most tubing, you will 
have to perform the following steps. 

Make a template to determine the approximate 
length of the tubing and the path it must follow. 

Cut the tubing to approximate length and remove 
the burrs. 

■ 

Bend the tubing to shape. 

Fit to the job, and cut to exact length. 

Attach the fitting. 

Flare the tubing if the iared type of fitting is used. 

Instali the completed section of tubing. 
In most of your repair jobs, youll tai yourself bend- 
ing and fitlang fuel lines on fJie job wiTiacouT an aoeu- 
rate dravidng of the originiti pieces. The chief objec^ve . 
is to follow the same pa1& as the origmid piece and make 



REPAI1IM0 TUiING 
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sure that the replacement Hnes up with the fittings to 
which the tubing is to be attached. . 

One way you can igufe out the path the tubing is to 
folloWy and its approximate length, is to make a tem- 
3PXAtE of iron wire (approximately #10 gage). If you 
don't have mdi material available, you can use dis- 
carded tubing M mch in diameter or less. You can also 
use as a ginde the old tubing which is to be replaced. 

Before BEN©li»ro, you cut the repair tubing to its 
APPROXIMATE LENGTH. Only AFTER it has been bent 
and checked for alinement with the fitting to which it 



LiGHTLY AGAINST TUBING SLIGHT PRESSURE AGAINST 



will be attached, do you cut it to its exact length. 

Tubing must be cut exactly square and it must be 
perfectly burred if the steps which follow are to turn out 
right. There are two ways to cut tubing. 

One way is to use a regular tube cutter which looks 
like a pocket-size pipe cutter and which automatically 
makes a square cut. The other way is to use an ordi- 
nary hacksaw. If you use a hacksaw, pay particular 
attention to the way you hold the tubing and to the 
type of blade you use to make the cut. Figure 200 
shows a tube qutteT) and 201 a VEE-block whidi is used 
tololdthe tuMngin^enitiscutwit^ Hack- 
saw blades for cutting tubing should have 32 teeth to 
the inch. 




SCRiW CUTTING WHEEL 



ROTATE CUTTER KEEPING 



CUTTING WHEEL 



Figure 200. — Cutting tubing witli a tube cutter. 
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SLOT FOR 
HACK SAW 



Figure 201. — Ve« blocks for holding tubing. 



After the end of the cut tubing has been filed 
SQUARE as- ill figure 202 j it must be burred inside and 
out, otherwise you will have a leaky joint or a split tube. 
Inside burrs can be removed with a machinist's scraper 
or a pocket knife as in (A) of figure 203. Outside burrs 
can be removed easily with a flat j&le as in {B). Don't 
round the corners excessively. 

Next, clean out any foreign particles from the inside 
of the tube — such as filings, chips, burrs, and grit. This 
cleaning will help to prevent split flares and pock marks 
on the fitting seats. If you have it handy, compressed 




Figaro 202.^ — Filing tubing oncls. 
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air blown through the tube is the best way to clean out 
these partides. If yon must file and burr a tube after 
it is partly installed, it is a good idea to stuff a rag part 
way into the tube to prevent chips and filings from 
dropping in. Then carefully remove the rag when you 
have finished. Another way to clean out the inside of 
the tubing is to use a long, thin brush. 



Now take a quick check to be sure the tubing is 
round, cut squarely, and that it is dean, and free of 
draw marks, mill scale or scratches. This inspection is 
particularly important if the end of the tubing is to be 
flared to accommodate a flared type of fitting. Scratches 
and draw marks are apt to spread and split the tube 
while it is being flared, especially if it is made of alumi- 
num. Scratches in the tube may be removed by bur- 
nishing, if the scratches are no deeper than 10 percent 
of the thickness of the tube wall. „ , , , _ 





Figar* ZOSv-^larrtug liuidi and oii#ti<l«. 
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Burnishing is done by running a hard, smooth tool 
mm tie affected part of the tube. This forces the sur- 
rotmding metal toward the scratch, filling it up and 
also redistribtiting the strength of the tubing at the 
pdnt of the scratch. If scratches are not removed, vi- 
brations and stresses centered in the scratches will even- 
tually cause a crack and a leak. 

Occasionally, dents will be found in tubing* These 
can also be removed (if they are less than 20 percent of 
the tube diameter) by running a die or bullet-like tool 
through the tube. Figure 204 shows a tool for removing 
dents. 



When aluminum tubes are to be aiiodized for greater 
resistance to corrosioii» it k best to wait and treat the 
tube after all flaring and bending has been completed. 



After the tubing is cut, it is ready to be bent to the 
shape of the template. You can do this bending by 
hand with a wire tube bender, in Vee-blocks, with a me- 
chanical hand tool bender, over a radius block, or in 
a production bending machine. 

The tubing must be shaped so that it is neither 
buckled nor flattened. 

Table XI gives you the bend radius of the various 
kinds of aluminum alloy tubing. 

Small sizes of tubing up to }4 inch can be beht by 
HAND if the curve is bent gradually. In hand bending, 
' the radiiis must be gbeater than is necessary when you 
use a medbaracal bendeiv to avoid buckling or flatten- 
ing the tubing. 




i 



BENDING TUBING 
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Almost any size of tubing can be bent with the Vee 
blocks shown in figure 201. (Tubing ^ inch in diam- 
eter or more, however, must be bent with the aid of 
FILLER MATERIAL.) To usc the Vee blocks, clamp them 
in the vise with the tubing between them and bend the 
tubing by hand. This method of holding the tubing is 
exactly tibe same as that used when you are cutting it 
with a hacksati(. 

Hand tube benders like those in figure 205, may be 



used to bend the smaller sizes of tubing. Each size of 
tubing requires a different size of bender. The bender 
has three parts — a radius block, a clamp and a forming 
bar. 

To start bendiiig with a hand bmcler^ insert the tube 
in the bender and clamp the tube in place, Then, 
the mark in the forming bar opposite the 6-degree mark 
on the radius block and begin bending. 




Hgiiro 205.— Hand tub* benders, 
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Be careful in bending tubing with it to see that the 
tubing does not slip in the clamp. The clamp fits rather 
loosely on most hand tube benders. One way to avoid 
slipping is to wrap a piece of emery cloth around the 
tubing underneath the clamp. The larger sizes of tub- 
ing will require the use of filler materials to prevent 
wrinkling or buckling. 

Bending with radius blocks is a common method 
of bending tubing. Figure 206 shows a radius block. 

The radius of the bend should be carried about 15 
degrees past the desired bend angle to allow for the 
tube's springback. Cut a groove to fit tlie tubing in the 
block. To hold the tubing in place, use a small clamp- 



ing block which is also grooved to fit the tubing. Sizes 
of tubing larger than }i indi in diameter requires the 
use of filler material. 

The production tube bender is used in A. and R. 
maintenance shops where a considerable amount of 
tubing is bent. Instead of filler material, a mandrel is 
used inside the tubing to avoid distortion as it is being 
bent. 

THE FILLER 



The larger sizes of tubing must be filled with some 
material to prevent flattening the outside and buckling 
the inside during bending. Filler materials which are 
commonly used include sand, resin, and special bending 
alloys with a very low melting point. 
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Sand is the most commonly used filler. For best re- 
sults, it should be fine and dry. To fill the tubing, plug 
one end tightly witli a piece of soft wood. If the tubing 
has been cut with enough extra material, you can plug 
one end hy flattening it and bending it ovej* as in 
figure 207. 

As you pouf the sand iti through a funnd, tap the 
tubing with a stick to make sure that the sand packs 
firmly into place. Then when the tubing has been 
tightly packed, plug up the other end. Be sure the sand 
is in there firmly, because its purpose is to support the 
walls of the tube. 

For larger sizes of aluminum alloy and copper tub- 
ing, SPECIAL ALLOYS are used as fillers, because they 



expand upon cooling and thus fill the tube efficiently. 
They are especially useful for complicated bends. 

The trade names for some of these fillers are Cerro- 
band, Bendalloy and Tuballoy. Although they are more 
expensive than sand or resin, they can be used over and 
over, practically indefinitely, if they are heated prop- 
erly. Never heat them with a torch or an open flame 
because it is likely to ruin them. For best results these 
alloys should be heated in a ladle in boiling water. They 
melt easily in boiling water because their approximate 
melting point is 150° F. When using them with copper 
tubing, you should protect the tubing from possible 
tinning of the inside by a light coat of oil. , _ 




Flgur* 207.— Repairing tablag to r«e«iv« filler. 
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This is the way you use them. After one end of the 
tubing is plugged, fill the tube with boiling water to 
preheat it. Preheating guarantees that the filler alloy 
will remain liquid until it has filled the tubing. When 
the tubing is full of boiling water, pour in melted filler 
alloy until all of the water is displaced. 

Now, with your tubing full of the alloy, hold it under 
cold running water to chill the filler. Be sure that the 
filler alloy is fully cooled before you attanpt to bend 
the tubiiig* The alloy benis ^sily when it is cold, but 
hm a tendency to break when warm. The alloy may 
also break if you bend the tubing too rapidly, so go 

SLOW. 

Such alloy-filled tubing may be bent with the aid of 
any of the bending apparatus just described. When the 
bending is completed, remove the alloy by heating the 
tube in steam or boiling water. 



Both copper and aluminum alloy tubing must be in 
the DEAD SOFT CONDITION before they are bent. While 
they will usually be in that condition when you receive 
them, you will sometimes find that the tubing will prove 
top hard to bend and must be annealed. Copper must 
ALWAYS be annealed after bending, before it is in- 
stalled. 

Your big problem in shop annealing will be that of 

deciding wmMM the annealitig temperature has been 
reached. If you're working an aluminum alloy, heat it 
with a gasoline blow torch or a welding torch until it 
will char a soft wood splinter which is touched to it. 
Another check for temperature is to apply a coating of 
carbon with a carburizing flame of the welding torch. 
Then adjust the flame to neutral, and burn oU all the 
carbon. 

Copper must be heated to a temperature of approxi- 
mately 1000° F. When it is at this temperature, it will 
glow red in a dimly lighted room. Rainbow colors ap- 
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pearing on the copper will indicate that the temperature 
is nearly correct. 

After annealing, aluminum tubing should be allowed 
to cool in air. Copper lines, however, should be quenched 
in water— BitJf oney if a tank is available large enough 
to allow quenching of tite whole section of tubing. Brass 
should be cooled in air. 

LAYING OUT TUBE LINES 



You must avoid laying out tubes from point to point, 
in a straight line. It is almost impossible, if the tube 
is laid out in a straight line, to flare the tubing (enlarge 
the end) to the exact length and prevent the flare from 
being pulled out when the fitting is tightened. Then 



RIGHT 
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RIGHT 



66= 




WRONG WRONG WRONG 

Figure 208.— Right and wrong mctiiods off installing tnbing and fittings. 

too, a straight tube provides no opportunity for expan- 
sion and contraction due to temperature changes. Fig- 
ure 208 shows the right and wrong way to lay out 
tubing. 

LOCATING THE BEND 



Suppose that you have a piece of tubing which you 
want to connect by a flared fitting to another tube. 
Before you can make the bend there are two things you 
must know: The minimum bending radius of the metal 
tubing to be bent, and the distance from the end of the 
tubing where the bend is to be located. 

The BEmmo kadius of metal tubing varies with 

□ ri 
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THE TYPE OF MEl^AL FROM WHICH THE TXJBE IS MADE. 

Steel tubing, for instance, caniiOt be bent as sharply as 
a tube of the same dimensions made of aluminum aUoy . 
If you try, the steel tube will crack or break. Therefore, 
before you bend any tube, find out the smaPest bending 
radius for that specific tube, and do not make %^ bend 
ANY SMALLER. Chcck Table XIII for the bend radius 
of the various tubing materials* 

Having figured the bending radius of your specific 
tube, you are ready now to determine the answer to 
the second question : How close to the end of the tube 
should you make the bend? 

To avoid subsequent difficulties in flaring the tube 
and in assembling the two tubes later, you must be sure 
to .allow a sufficient length of straight tube, measured 
from the end of the tube to the start of the bend. Ex- 
perience has taught that for a two-piece inside thread 
fitting, the length of straight tubing from the end to 
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STANDARD TYPE FITTING TRIPLE TYPE FITTING 

Figure 209. — Locating bends in tubes. 

the start of the bend must be at least two And one- 
half Tmm THE LENGTH OF THE COUPLING NUT. 

For a three-piece outside thread fitting, this space 
should be at least one and one-hAlf times the 
length of the sleeve. Figure 209 illustrates how to 
locate bends in tubes when standard or triple type fit- 
tings are used. 
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After you have located the bend; you can use afiy 
suitable method of those just described to bend the 
tubing. The next step is to attach the tube fittings. 

A tube fitting is a small metal part which is used to 
connect pieces of tubing to tanks, carburetors or to 
other pieces of tubings. These fittings come in many 
shapes, each designed for a particular function. Fig- 
ure 210 shows several types of fittings. 











HOSE BULKHEAD 
LINER FITTING 



Figure 210. — Several types of fittings. 



Fittings are attached to the tubing lines by solder- 
ing OR FLARING. The flaring method is used mostly for 
fuel, oil, or hydraulic lines. Soldered connections are 
used on copper lines that must be taken apart and re- 
assembled frequently. One form of flared fitting is the 
BULKHEAD FITTING showu in figure 210. It has four 
parts — a coupling which runs through the bulkhead, a 
nut to secure it, and two nuts to fasten the tube to the 
coupling. 

There are two kinds of flared fittings — the standard 
two-part fitting and the triple tube fitting shown in 
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figure 211. The triple tube type is used where it is 
necessary to make connections in close quarters since 
the tubing extends a much shorter distance into the 
fitting and therefore may readily be removed. It is 
better for use in hydrauHc systems, because it supports 
the tubes at the point of attachment. 

A fitting will have two or more ends to which con- 
nections will be made. All of the ends may have pipe 
threads to make connections to carburetor, gas tank, 
accessory, or another fitting. Or, they may have ma- 
chine threads to receive nuts for coupling. 

The following table gives the outside diameter for 





Figure 211. — Standard and triple tube fittings. 



the common tubing sizes for fuel and oil lines and gives 
also the corresponding size of the tube fitting required. 
This table refers only to the pipe thread. The diameters 
of the sleeves and nuts must be such as to fit the tubing 
properly. In picking a machine thread fitting for a 
piece of tubing, choose one which matches the outside 
diameter of the tubing. In choosing a pipe thread fit- 
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ting for a piece of tubing, choose one which matches 
the INSIDE diameter of the tubing. 



TUBING SIZES 
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FLARING 



Place the nut and sleeve over the end of the tubing 
before you begin the flaring process, as they obviously 
will not slide on over the completed flare, 

FxAniif a, or BELLiNa as it is soinetimes called, is the 
STRBf cifiMO OF f iiE EHD of the tubing to imtxk the 
fitting which holds it in place^ Figure 2 12 shows a piece 




Figure 212. — A flare. 

of tubing with a flared end. Flaring is usually a hand 
process. There are several flaring tools which you will 
use — the ball type, the hammer type, and the combina* 
tion type. 

The STANDAI6D TYPE of flaring tool is nsed f or a two- 
piece fitting^ while tbe mspm BALt. type of flaring tool 
is used for a three-piece fitting. Both are recommended 
for thin-wall, standard wei^t, soft copper or aluminum 
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tube ONLY, with an outside diameter of ^ to ^ inch. 

The following instructions apply to both types. 

Slip the B nut or the triple nut and sleeve over 
the end of the tube. It should protrude about Vie 
inch for a ^ inch outside diameter tube. For a larger 
or smaller tube, allow correspondingly more or less 
protrusion. The nut and tube are then gripped in a 
vise or held in the hand for flaring. 

Insert the flaring tool to the tube shoulder and 
rotate, pressing outward and downward until the flare 
fits the nut. You will get the best results from a slow 




(A) (B) (O 

Figure 213. — Ball type flaring tool. 



circular wiping motion and a firm even pressure to 
hold the tool neck against the tube. 

After flaring, thread the tool nut to the tube nut 
to even out tibe flare. When using th0 triple type 
flaring tool, screw the tube nut to the th^aded portion 
of the tool, l^cesslve wrendi pressure is not neces- 
sary to insure a smooth flare. 

Figure 213 shows how a ball t57pe fl^mg tool is 
used. Drawings (A) and (B) show the nut and sleeve 
being slipped over the end of the tube. Drawing (C) 
shows hbw the flaring tool spreads the end of the 
tubing. 

The COMBINATION HAMMER TYPE of flaring tOol is 

used on thin wall, soft annealed copper or aluminum 
tubing only, with outside diameters from % to ^2 inch. 
It will flare tubing for either the two or three-piece 
fittings. This is the way it works — ^ . , , ^ 
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Slide the flaring pin yoke as far back as it will go 
and spread the block jaws in order to insert the tube, 
as in figure 214. A spring catch keeps the flaring pin 
raised while you slide the yoke. 




Ffgari 214.-4«Coiiibiiiatien hcininNir typt flaring fool. 



The tube should be approximately flush with 
of the flaring block jaws. Slide the yoke over 



the top 
tube 




(A) (B) 
Pigor* 21 5.— Using a combination flaring tool. 



and clamp it tightly in place with the adjusting screw 
as in (A) of figure 215. 

Lower the flaring pin to the tube either by hand or 
by tapping it slightly with a hainmer. Start the flare 
with light hammer blows, as in (^), and continue imtil 
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it is completed. To remove the tube, loosen the yoke 
and slide it back to its original position. 

The STANDARD OR TRIPLE HAMMER TYPE flaring tools 

are designed for copper or aluminum tubing of moder- 
ately heavy wall thicknesses with outside wall diameters 
from ^ inch to 2 inches. The standard type is used on 
two-piece fittings and the triple type on either type. 
Screw the tube nut and flkring tool together untU 
only the last thread shows. 

Insert the tuhe as far as it will go. Gra^ the tube 
beneath the tool and flare it with a number of light 
hammer blows. The first few blows, . especially, 
SHOULi) NOT BE TOO HARD becausc the nut may be- 
come too tight in the tube. 

After the flare has been well started, screw the nut 
and flaring tool tightly together. Then, grasp the 





(A) (B) 
Figura 214.^lfftiif tfcmdiaril cur triple hammer flaring tool. 



TOOL, rather than the tube, and flare until completed. 
With the standard tool, the progress of the flare can 
be observed through the cutaway. In the triple type 
tool you can't see how the flare is coming unl^ you 
unscrew the tool from the tube. If the flare is not 
completed, replace the tube and finish it. 
Although incorrectly formed flares may seem to be 
satisfactory and pass initial pressure tests, they can- 
not BE DEPENDED UPON FOR CONTINUOUS SERVICE. To 

insure proper seating, all flares should conform to ac- 
cepted general requirements and also to certain require- 
ments which are determined by the type of fitting to 
be used for coupling the tube. 
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Correct diameter of flares for the standard and triple 
type fittings are illustrated in figure 217. Undersize and 
oversize flares are shown in figure 218. 





FLARE DIAMETER 
FOR STANDARD 
TYPE FITTINGS 



FLARE DIAMETER 
FOR TRIPLE 
TYPE FITTINGS 



Figure 217. — Correct diameter of flares for standard and 
triple type fittings. 



For quickly checking flare diameter, gages are avail- 
able which have holes for measuring go and no-go flare 
sizes. You see such a gage in figure 219. 

Another thing you must watch is the flare angle of 
the tube. It should be the same as the flare angle of the 
fitting. Incomplete flares cannot be depended upon to 






TOO SHORT 



TOO LONQ 
Figure 218. — Bad flares. 



UNEVEN 



draw down on the fitting seats. 

In such cases, the nut tends to climb up on the flare 
so that there is very little grip on the tube after the 
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fittifig is assembled. So, do a good job* Complete all 
flares to the proper angle, 

Flares must be square and concentric with the tube 
and tube nut in order to seat properly. There are two 
reasons why a flare might be out of square and eccentric. 
Perhaps you did not cut the tube off square, or maybe 
you formed the flare unevenly, as in figure 245. Such 
flares are almost impossible to correct. They should be 
cut off and done over. 

If the unevenness of the flare is due to careless use 



of the flaring tool, then usually the angle of flare is also 
faulty. Uneven flares are generally not alined with the 
fitting seats and for this reason require greater wrench 
pressure to draw ihem tight. If Hie flare is large, the 
elongated side will bottom in tise ■fitting to prevent nor- 
mal seaiting. Or, it may stidc in the fitting threads. If 
the flare is relatively small, the shorter size will not 
be gripped securely between the fitting seats and leak- 
age may develop. 

The radius at the base of the flare should coincide 
with that on the tube nut, otherwise you may experi- 
ence difficulty in getting a proper seat. 

If the tube has been flared into the n^i/jlfla^J^e of 
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the fitting, the radius will automatically be correct. 
Flaring blocks are originally provided with the correct 
radius. You will obtain this radius, if correct flaring 
pins are used. Make-shift wooden flaring blocks quickly 
flatten out at this point atid should not be used. Figure 
220 (A ) shows a good job of flaring in which the radius 
at the base of the flare coincides with that on the tube 
nut. Figure 220 (B) shows an incorrect flare. The 
thidmess of the flare at its edge must not be less than 
82 percent of the original wall thickness. If a flare has 
been drawn down by a fitting, it must retain 50 percent 
of its original wall thickness. Otherwise, the flare must 
be cut off and a new one made. 

After the flare has been made, you should give it an- 
other inspection for surface markings. If you neglected 
to remove chips, filings, or burrs, before flaring they 
will have been pounded into the flare and will cause 
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(A) (B) 
Figure 220. — Correct and incorrect radius. 
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pock marks. Pock marks, scratches, draw marks, or 
other surface irregularities, make tight sealing uncer- 
tain. You should guard against them as much as pos- 
sible. If such marks are present, cut off the flare and 
reflare the tube. 

A flare which has split lengthwise majf bg |the result 
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of working on tubing which is too hard or of uneven 
texture. Split flares can also be caused by the opening 
up of surface scratches or draw marks. 



ASSEMBLING THE CONNECTION 

The first step is to make sure that a flare is in its 
perfect seating form. Flares on thin, soft annealed 
copper and aluminum tubes can usually be smoothed 
out to their proper form in the fitting as the assem- 
bly progresses. With heavier and harder tubes, it is a 
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Fignr* 221.— Comet and incorrect olinemont. 



better idea to draw l3ie flare into its perfect seating 
form by fir$t assembling it with a hardened seating tool. 

With the two-piece fitting, the nut should turn freely 
on the tube after it has been flared. If the nut sticks, 
free it up before assembling the joint by tapping it on 
the flats of the hex with a hammer. . 

With the three piece fitting, it is preferable to allow 
the sleeve to remain tight on the tube, provided it is 
properly in place against the flare. If the sleeve is tight, 
there is less chance for it to turn on the tube and wipe 
the flare surface. 

A few drops of oil on the threads will help in assem- 
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bling the nut to the fitting. If the fitting parts are 
made of aluminum alloy, then the threads must be 
lubricated with a suitable anti^ize compound to pre- 
vent seizure. 

WARNOfO— Bo not use oil in assembling Bttin^ on 
oxygen Hnes. Oil and oxygen produce an explosive 
mixture. • 

Before you assemble a joint, check to see that the 
tube is in proper alinement with the fitting, and that 
it DOES NOT HAVE TO BE SPRUNG into positiou because 




FITTING 



SCALE 
10 LB. PULL 




Flgar* 222.— How to estimale iorqa* prvssHi**. 



of improper bending. Figure 221 shows right and wrong 
alinement of tubing and fitting. 

When you get ready to tighten the nut, thread the 
parts together by hand as far as possible, then loosen 
the nut and jiggle the tube to be sure the flare is down 
on the seat. 

If at all possible, use a torque wrench to secure the 
proper torque pressure on fittings. There is just as 
much danger in overtightening as in undertightening 
a fitting. If a torque wrench is not available, the device 
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shown in figure 222 can also be used to ascertain the 
correct torque pressure. 

When you install tubing, be sure to support it ade- 
quately (at approximately 24-inch intervals) with 
standard clips or clamps, except when a support will 
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interfere with the proper performance of iexible con- 
nections. The installation shotdd be designed and made 
to prevent injury or chafing of the tuMng. 

Also be careful to avoid having unsupported sections 
of fuel or oil lines of which the vibrating frequency will 
be such that tubing failure may result. 

After the line has been assembled, it should be 
checked and tested to see if there are any leaks. Hy- 
draulic lines, and others, should be filled with their 
particular fluid, and pressure applied if possible. On 
air pressure, oxygen, and vacuum lines, a soapy water 
solution is applied to fittings for testing. 

Here are some of the most common causes of leaks — 

Not enough wrench torque. 

Too high wrench torque. 

Flaring poor, cracked, rough or split. 

Careless assembling. 

Original from 
281 UNIVERSITY OF ILLINOIS AT 
URBANA-CHAMPAIGN 



Digitized bv GOOglC 



Assembled parts not clean. 

Crossed threads. 

Threads or serrations damaged. 

New gaskets not used after assembly. 

Wrong size or wrong material for gasket. 

Not enough support for tubing. 

Distance between supports too great. 

Mismated parts (AC-AN). 

Using tubing as handrail or step. 

ATTACHING FITTINGS 

Soldered fittings can be used only on copper. 
Since the annealing temperature is higher than that of 



SOLDERED 
TUBING 




Figure 223. — A soldered fitting. 



SOFT SOLDER, you should use SILVER SOLDER on the tub- 
ing. The soldered fitting uses a union tail which is 
slipped on with the nut. The tail is soldered flush with 
the end of the tubing, after which the fitting is screwed 
together like any of the other types. Figure 223 illus- 
trates a soldered fitting. 

Any fuel line which is directly connected to the en- 
gine must be equipped with a flexible joint. This flex- 
ible joint is usually a rubber hose fastened with hose 
clamps to the end of the tubing to lessen the danger of 
failure. If you have to replace flexible metal tubing, it 



Digitized by GO^jglC 



Origiiial from 
282 UNIVERSITY OF ILLIINOIS AT 
URBANA-CHAMPAIGN 



is best to substitute pieces of the proper length and of 
special comtFUCtion whfdi have fittings attached by 
the inanulactttrer. Standard pipe fittings cannot be 

Fittings made to be used with hose connections are 
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Fignr* 224^Bieadlag tool. 

usually beaded at the unthreaded end to make a tight 
fit. A bead is a raised portion at the end of the tube 
which helps to hold the hose in place and, by pressing 
into the rubber, makes the joint watertight. 
Making the joint by means of a 
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TABLE XV 

Standard Dimensions for Hose Connections 
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simple to do. Cut the ends of the tubing absolutely 
square. After the burrs have been removed, bead the 
ends with a tool like the one shown in figure 224. 

The bead size should be standard. Check it against 
the table XV. The connecting piece of hose should be 
about 3 inches in length. And the ends of the tubing 
should be located approximately in the center of the 
piece of hose and about ^ie to % inch ag3|j^ei from 
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Place the hose clamps directly behind the beads and 
tighten them securely. A hose hner must be used on 
the iNSDDE of the flexible hose when the connections are 
made in order to kee^ fuel from coning in contact with 
the hose. 

A while back you were warned against confusing the 
markings on tubing which indicate the USES of the lines 
and those which indicate what material they are 
made of. Table XVI gives the color system used by the 
Navy to designate the uses of the various lines. For 
instance, red indicates that the line carries fuel. Each 
color strip is approximately Yi inch wide. A single color 
or a combination of colors is used. 



As you saw before, the temporary method of tube 
repairing i^ould be used only when time and facilities 
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TABLE XVi 



Color Code for Tt^bixg Lines 



Color 



System 



Red 
Yellow 
White 
Brown 



Fuel 

Oil (lubricating) 
Coolant (water) 
Fire extinguisher 
Flotation equipment 
Oxygen 

Airspeed — pitot pressure 
Airspeed — static pressure 
Coolant (prestone) 
Manifold pressure 
Vacuum 

Air pressure (compressed) 

Steam 

Purging 

Exhaust analyzer 
Fluid (ice preventive) 
Vent (closed compartments) 
Hydraulic prassuFe oil 



Light blue 
Light green 
Black 

Light green — black 
White--hlaek— wMte 

White — light blue 
White — light green 
Light blue — light green 
Light blue — black 
Light blue — yellow 
Light blue— brown 
White — red 
Red — black 

Light blue — ^yellow— -^^t blue 
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will not permit permanent replacement. Figure 225 
will give you a clear idea of the steps to be taken. 
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Figure 225.<— Steps In insert typi rep«tr. 

First cut out the damaged section of tubing. After 
you have done that, cut a length of new tubing to re- 
place the damaged section. 

Bead each end of the insert and each end of the tube 

being repaired. 

Cut proper lengths of suitable hose, and install the 
repair, using the hose and hose clamps to hold the new 
section in place. 
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CHAPTER 8 



PLASTICS 



ONCE A MAGIC WORD 



Not so long ago plastics was a magic word in indus- 
trial chemistry. The countless things for which this 
material is used are still surprising, but many of its 
most vital uses, especially in airplanes, have begun to 
be commonplace. 

The use of plastics in aircraft so closely parallels 
the use of sheet metal, that the Aviation Metalsmith 
must understand both materials if he is to do his job 
well. 

Chief characteristic of the substance, and the one 
for which it was named, is the ease and readiness with 
which it may be molded. Plastics may be cast and 
machined, laminated and rolled, and even used in paints 
and as an adhesive for plywood bonding. 

Molded plastics are of two general classes — 

THERMOSETTING and THERMOPLASTIC COmpOUnds. To 

understand the distinction between the two, think of 
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thermosetting compounds in terms of concrete. In other 
words, once these plastics ''set," their form is perma- 
nent. On the other hand, thermoplastic compounds 
might be compared with sealing wax. At room tem- 
perature sealing wax is a dense, hard substance. But 
heat it, and what happens? It becomes soft and pliable, 
and can be formed into any shape you may desire. 
Cool it again and it maintains that shape until it is 
again re-soft«ied by heating. Like sealing wax, ther- 
moplastic materials can be softened by heat and hard- 
ened by cooling agam and again without a fesiMig 
chenucal change in the composition of the materials 
during the heating and cooling process. The tendency 
of plastic sheet to resume its original flat ^pe on re- 
heating is known as "elastic" or "plastic memory." 

As an Aviation Metalsmith, you will have very little 
to do with the thermosetting plastics — except possibly 
to replace worn out and damaged pulleys, fairleads, 
and electrical insulation material. For this reason no 
further information on thermosetting plastics is given 
here. 

TRANSPARENT PLASTICS 

Transparent plastics are those which allow suf- 
ficient light to pass through for good vision. Plastics 
like those used for cockpit enclosures must be 87 to 
90 percent transparent even mtm sevare Navy tests 
that duplicate the actual effects of sun and weather. 

Two types of plastics are us^ in airplanes. 
AcryJates (methyl niethacrylate). 
Acetates (c^ulose acetate)* 

The acetates, because they are comparatively cheap, 
are used in some basic training planes. The acrylates 
are used in combat planes. The most common types 
of acrylates are Lucite and Plexiglas. 

The acetates are limited in their use because they 
discolor, or damage easily, and are not easy to repair. 
Both the acrylates and the acetates are thermoplastic 
transparent plastics. original from 
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These transparent plastics are manufactured as cast- 
ings, rods, sheets, tubes, and molding powders. Cast 
sheet, in its most useful form for aircraft work, comes 
in thickness from .060 to 0.25 inch for acrylate plastic, 
while acetate plastic comes in a thickness from .0156 
to .500 inch. They range in size from 24 x 36 inches 
to 20 X SO inches. These size$ may vary slightly and 
it may be necessary for yon to refer to Navy Te^nical 
Orders governing sizes. Sizes other than standard may 
be obtained by spedal order. 

NI»W to TELL ACRYLATES FROM ACETATES 

In repairing transparent plastics, you will find you 
have to know the kind of plastic involved. The reason 
is that the method for repairing acrylate plastics may 
be injurious to acetates, and vice versa. 

Furthermore, acrylate patches will not adhere on 
acetate enclosures, and vice versa. There are three 
tests that can be used to tell which is which; they're 
hsted in the order of their reliability — 

Burning test — Both types will bum much like 
wood. The acrylates bum wifk a steady clear flame 
and give of a swe^t wine^ike odor. The acetates bum 
with sputteiing iatne with a dark smoke and a sticky 
residue which drops from the burning porlion. The 
odoir Is repulsive with a vinegiar tang to it. (Of course, 
this test must be done with scrap pieces from a broken 
enclosure.) 

Hardness test — Scratch the surface of the plastic 
with a sharp instrument. Acrylates are much harder 
than acetates. Scratching a piece of acrylate is similar 
in effect to cutting glass with a glass cutter. The scratch- 
ing of acetates is similar to running your fingernail 
through a bar of soap. Edges of acrylates chip, whereas 
acetates cut. 

Acetone test — ^Wet your finger with acetone and 
rub it on some spot that will not interfere with vision. 
Then blow on the spot; If the pdastic is an acrylate, it 
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will turn a smoky white. An acetate will be softened 
somewhat, but will not change color. 



You are stationed at a base and in comes a supply 
of plastic sheet from the states. How are you going 
to store it in order to preserve it for use at the time 
wlien it is needed? 

A plastic sheet is best stoFed on edge or flat on its 
Mde. Stored at m angle fat my consideraMe length 
of time, the sheets may sag or bow. If this should 
happen^ however, don't worry too much — it's only a 
temporary deformity and can be corrected by simply 
reversing the sheet and allowing it to stand tilted at 
the opposite angle until it assumes its original flat shape. 
If the plastic is stored flat, the larger sheets should be 
placed on the bottom. 

Keep the storage room cool (not over 120° F.), 
moderately moist, and well ventilated. If your storage 
room is allowed to become hot and dry, the rubber 
adhesive used to cement the masking paper to the 
plastic hardens and may become extremely difficult to 
remove. On the other hand, too much moisture causes 
the paper to deteriorate, thus losing its effectiveness 
in protecting the mateiM. 

The storage room should be located so that the plasr* 
tic will liot come m contaci with thinnecB^ solvents, or 
their vapors, whidi may attack and soften the surface 
of the plastic. 

You can't keep the sun from shining, but you can 
keep it from shining on plastic sheets. Direct rays of 
sunlight falling on plastic material eventually cause 
breakdown of the masking cement, especially at the 
edges of the sheets. To remove broken down cement 
apply a mixture of oil and kerosene, then wash. 

Handle with care all formed sections if you 
want them to retain their shape. Steam and hot 
WATER PIPES are ENEMIES of formed pi^fei,fr§.fti make 
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a special effort to avoid all contact with these. A few 
simple frames large enough to cover the pieces, and 
stacked together in your spare moments are excellent 
for relieving formed pieces of unusual pressure. 

Since most transparent plastics used in Naval aircraft 
are flame resistant, their storage does not constitute a 
fire hazard any more than similar stocks of wood. 



To protect their surfaces, most plastic sheets are 
supplieid witli tough paper applied with a presstire- 
sensitive rubber adbesiye. This paper helps prevent 
accidental scratches from appeanng on the surface of 
the sheet during storage and f abncatfon. (The adhesive 
for maskihg paper used on acetate plastics cannot, 
according to Navy specifications, contain a rubber resin 
base "because of the deleterious effects on the plastic") 

Do NOT REMOVE THE MASKING PAPER Until the last 

moment. Keep the sheet covered, because you must 

KEEP IT CLEAN. 

When you are ready to remove the masking paper, 
lift it at one corner, then roll it off like you would 
roll a rug. If specks of adhesive stick to the plastic 
sheet, they can be removed by simply dabbing the 
specks with pieces of the masking paper. 

If the masking paper has become hardened and stud:, 
it may be softened by wiping it mth a doth soaked 
in hexane or keiosene^hich will soak through the paper 
and soften the adhesive. 

Never use a scraping tool to remove masking paper, 
because the plastic is certain to be damaged, often be- 
yond any chance of use. 

Unmasking builds up an electrostatic charge on 
plastic sheets, attracting dust to the surface. If you 
blot the sheet with a damp chamois, you can remove 
the dust. If the weather is very dry, it is a good idea 
to wet the floors of the storage room occasionally to 
cut down the amount of dust in the atmosphere. 
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CLEANING PLASTIC 



Whenever transparent plastics are used in aircraft 
that are in service, you may be sure they will need 
frequent cleaning to get rid of foreign matter clinging 
to the surface — dust, dirt, grease and other materials. 
The idea is to maintain the highest possible degree 
OF TRANSPARENCY. One important precaution you must 
take is to avoid rubbing dirt or grit into the plas- 
tic, because it scratcli^ the mirface. 

To CLEAN exterior SURFACES, fliush the surface with 
plenty of water aiid use your bare hmd to locate and 
dislodge any dirty or foreign particles that might cling 
to the plastic. 

^otiieF way to dean the outside surface is simply 
to wash it with soap and water. tJse a soft doth, 
sponge, or (temois to carry soapy water to the plastic. 
Go over the surface lightly with your bare hmids to 
detect and remove any dirt before it scratdies the 
plastic. Remove oil and grease by rubbing the surface 
with a doth moistened with Iceroseatie, hexaiie or white 
(not aviation or etl^^) gasoline. 

Do NOT use the following materials on acrylate 
plastic — acetoiie, hmmm, carbon tetrachloride, fire 
e^imgui^er fluids, lacfuef liihiiiers or window clean- 
ing spray. These fluids may cause crazing of the sur- 
face if you use them. (Cra^ng means the appear^ace 
of a number of small surface cracfe which mterfere 
with vision.) 

Acetone in lacquer thinners or window cleaning sprays 
have a definite softening and blurring effect on acetate 
plastics. Therefore, know your plastic before cleaning 
it. And know your cleaners, too. 

Don't rub acrylate plastic WITH A DRY cloth. A dry 
cloth is not only likely to cause scratches but it may 
also build up an electrostatic charge which attracts 
dust to the surface. If the surface does become charged, 
you can remove the charge by patting or blotting the 
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surface jpntly with a damp, dem diax»ois. The diamois 
will also tAe off the dust. 

If, af to? you have removed the dirt and grease^ you 
find no great amount of scratches visible on the sur- 
face, wax the acrylate plastic with a good grade of 
commercial wax. Some acceptable waxes are per- 
MASEAL, siMONiz wax, 3 M Auto wax, and duco No. 7. 
These waxes will cover minor scratches and will pre- 
vent further scratching. Apply a thin even coat of 
wax and polish with a soft, dry cloth. * 

To CLEAN INTERIOR SURFACES, you Can't use the 
methods just outlined because water cannot be applied 
freely. Instead you can dust the plastic surface lightly 
with a soft, dry cloth. But do not wipe the surface. 

Another way to clean an interior surface is to wipe 
it carefully with a soft, clean, damp cloth or sponge. 
Keep the doth or sponge free from dirt or grit by 
rinsing it freqpently in dean water. Last of all apply 
wax as previously described. 



If, after you have cleaned the plastic you find that 
the surface is marred by a number of light scratches 
which are not deep enough to warrant sanding, but 
which ARE pronounced enough to reduce visibility, then 
you must polish the plastic by hand, machine, or buff- 
ing. If you do it right, you can remove the light 
scratches and restore the plastic's transparency. 

To polish the plastic by hand use a small pad of 
flannel or other soft cloth and apply a suitable cleaner. 
Avoid rubbing the same area too long or too hard in 
one place, because excessive friction may build up heat 
enough to soften the plastic. 

Some of the suitable deaners are — franklin's triple 
life deaner and glaze, l^oxon depier'^poli^, Autogroom, 
Ken-glo, Lincoln M-3828 cleaner, Wilco scratch re- 
remover, Simoniz liquid cleaner, Duco No. 7 liquid 
deaner, or McAleer's airplane polish, original from 
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While you can remove most scratches in a short 
time, some scratches Uke those caused by sanding may 
require several applications of the cleaner. After you 
have polished the surface as to near the original trans- 
parency, as possible, put on a thin coat of wax and 
polish it to help protect the surfact against tether 
scratching. 

Often after cleaning and polishing^ some scratches 
will still remain* They will have to be taken off by a 
machine buffing procedure* 

You should use soft, open cotton or fiannel buffing 
wheels on acrylate plastic. If no commercial wheels 
are available, make one by assembling a number of 
disks of cotton muslin or flannel on a spindle between 
large washers or face plates. 

A harder wheel may be made by mounting disks of 
a thick felt (/^ to ^ inch) in the same manner. For 
shop use they may be mounted on grinder shafts or 
on buffing lathes. Special portable buffing equipment 
is also useful. 

For buffing a plastic section without removing it 
from the aircraft, use small wheels from four to six 
inches in diameter like those in figure 226. These 
wheels are mounted in the chuck of a portable electric 
drill, of from % to V^, hp. Or, they can be mounted 
in an airdriven drill motor. 

Standard buffing or coloring compounds of very fine 
aluminum or similar abrasive are used with a wax, 
tallow, or grease binder. The finest grades are as 
coarse as will be necessary for acrylate plastics. Clean 
buffing tallow or wax may also be used. 

Since the transparency of plastics must quite often 
be IMPROVED by buffing, you had better be sure to fol- 
low the procedure outlined. 

Be sure the plastic surface is clesui before you 

start to buff. 
Check up on its cleanliness between eadi step of 

the procedure. 
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Hold the tallow stick against the spinning wheel 
for a few seconds. 

Next, bring the bar of buffing compound in con- 
tact with the wheel for a few seconds. 

Apply the edge of the spinning wheel, using a 
light pressure only, to the surface of the plastic aiici 
keep it moving. Eiscessive pressure may heat and 
soften the plastic. Buff along and across any 
scratches, ' 

When the scratches are removed, wipe the buff- 
ing compound carefully with a soft doUi. 



Insert a second wheels usually the soft^ open type, 
in the power tool. Apply only taHow to this wheel. 
It is essential that you use a second wheel because 
some of the buffing compound will be retained by 
the first wheel. 

Go over the surface of the plastic with the tallow 
wheel, observing the same precaution given above. 
Wipe the tallow from the plastic. 

Apply a thin coat of wax and polish by hand. 

The plastic is next brought to a high polish on a 
buffing wheel on which no abrasive or tallow is used. 
That is necessary to secure high gloss and luster — ■ 
otherwise the plastic assumes a foggy appearance. 




4 



Figure 226. — Buffing. 
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Under Hp drcuiMtaiices shotiM buffer tliat are used 
' to huM metal (r^gar^ess of what metid) be issed on 
plastic. Fine partldes of metal remain in the wheel 
and scratch the plastic. 

Acetates and acrylates respond to buffing differently. 
Acetates heat more rapidly and distort themselves more 
easily than do acrylates. Greater care must be taken 
in buffing acetates. Scratches do not buff out as readily 
in acetates as acrylates. 

The speed for buffing acetates is lower than for acry- 
lates. For example, an 8 to 10 inch buffing wheel for 
acrylates travels at about 2,000 rpm; whereas one for 
acetates travels about 1450 rpm. 



Transparent plastics should MEvm m SAimm un- 
less it is absolutely necessary — ^and then only when 



SAND WITH CIRCULAR MOTION WITH 
LIGHT ^RiSSyRE 

Fiqari 227v^aiidiRg. 

surface scratches whidi impair vision are too deep to 
be removed by bulfing. 

The sandpaper you choose should be the finest that 
will remove the imperlections. Wet or dry types in 
pades of 320A to 600 are recommended. 
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To sand plastic, start with grade 3 2 OA soaked in 
water a few minutes. Use plenty of water while sand- 
ing to reduce the heat of friction. Wrap the paper 
around a block as in figure 227, and sand an area slightly- 
larger than the damaged space. Use a circular motion 
with a light pressure to reduce the chances of objection- 
able visual distortion to a minimum. 

Visual distortion, whether it's caused by improper 
buffing or sanding, is referred to as "hazing." 

Work with progressively finer grades of paper until 
you get to grade 600. Be mtt to wipe off the sanded 
area with a dean, dry cloth after each sanding operation 
to prevent the coarser grit from clinging to the plastic. 

The fine scratches produced by sanding can be re- 
moved by buffing if the equipment is available. Other- 
wise, you will have to hand polish the surface and as 
a final step, give it a coat of wax. 

CUTTING 



As a guide to sawing plastics, it is common practice 
to scribe the surface lightly with a sharp scriber. Thin 
sheets, up to .080 inch, can be broken along a straight 
scribe line, much like a piece of glass, provided the 
line is deep enough. 

Unlike glass, transparent plastic may be cut with 
any of the saws used worn woods and metals. How- 
ever, if the same hand and power saws are used in 
your woriNbop for plastics as for the other materials, 
there is one "DO" whic^ you must observe. Do take 
extra precaution to see that all metal filings and simi- 
lar material are carefully removed from the tables 
before the plastic sheets are laid out, since these filings 
may scratch the sheets even through their masking 
paper. 

If there is a great deal of plastic to be cut, it is best 
to reserve special saws. For cutting plastic up to .100" 
thick, you may use blades with fine teeth and little set. 
For thicker plastic you should use a combination saw 
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alternating 4 cutting teeth with one cleaning tooth. It 
should have 8 to 22 teeth per inch. 

To obtain an accurate cut and avoid overheating, 
feed the sheet to the band saw slowly. No coolant will 
be required if you take reasonable care to avoid over- 
heating. However, if you find a cootat is needed, 
use soap atid water, light machine oil, w^ed paper, 
or air blast. Band saws used for cutting plastic sheet 
should run at 8,000 to 12^000 surface feet per minute. 
Circular saws having a diameter of 12 inch^ should 
run at tiie rate of approximately 3,400 rpm. Since 
most transparent plastics contain no filler or plasti- 
dzers, the saws used in the cutting process do not gum 
up or dull excessively. 

Acrylate and acetate plastics may be readily filed, 
scraped, or sanded to give a desired finish. Vixen, 
rough cut, or medium cut files will give the best results. 



In your career with plastics you're going to find it 
necessary to dkilz. holes — -for e^mple at the end of 
crack to relieve strains, or to provide a means of attach- 
ing panels by riveting, bolting and scre^dng. Holes 
are ^so necessary when making a laced repair. Vertical 
spindle drill presses are most practical for drilling acry- 
late plastics. Portable hand driUs may be used but 
they aren't as accurate. 

The standard drills used for metal may also be used 
for drilling plastics. Drills with wide flutes are pre- 
ferred, because they permit the chips to free themselves 
more easily. To prevent cracking of the plastic in drill- 
ing, you must grind down the drill so that it has a lip 
angle of 70° or a point angle of 140°. The lip clear- 
ance angle should be 4 to 8 degrees as in figure 228. 

This flatter point allows the body of the drill to enter 
the work before the point breaks through. Thus, 
a wedging action is prevented. Blunter drills do not 
"grab" into the plastic as readily; so they're less likely to 
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cause injury to the operator and damage to the plastic. 

The feed for drilling plastic is much slower than 
that for drilling metal. You should decrease the rate 
of feed as the depth increases. Too fast a drill feed 
causes plastics to crack and chip. When you use the 
correct feed, you will get smooth, spiral chips. 

When you are drilling plastics it is necessary to pro- 
vide some means of cooling the material to prevent 
BINDING and GRABBING of the drill. Three of the most 



commonly used coolants are mild soap aiid water solu- 
tion, light machine oil, and the cool ak jet. However, on 
thin stock coolants are not necessary if the plastic is 
drilled slowly and the bit moved out of the hole 

occasionally. 

Drilling plastics is not a dangerous job, but you will 
have to follow a few simple rules in order to do safe 
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and accurate work. 
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Use a sharp drill ground to the proper angle. 
Use the proper speed and feed. 
Use coolants. 

Lift the drill occasionally to free any chips and 
prevent binding. 
Use goggles or face shield to protect your eyes. 



Tapping and threading of transparent plastics is 
done in the same manner as it is on metals. It may be 
done either by hand or machine. Sharp "V" threads 
should be avoided. Lubricants to use for tapping and 
threading are either a mild soap and water solution 
or oil. Hand tapping and threading of holes and rods 
%6 inch in diameter or less requires no lubrication at all. 
Plastics should be tapped more slowly than metal. 

Don't do any tapping and threading in places where 
the threads would be likely to undergo vibration and 
stress. If you are threading and tapping an acrylate 
plastic to fit a metal bolt, you must make allowance 
for the difference in thermo-expansion of the two 
materials. 

Use threaded metal inserts where t^nperature varia- 
tions are extreme or where Cbreaids must withstand high 
stresses. These metal inserts are fitted into the plastic 
instead of threading the plastic itsdf . 

EMERGEHCY REPAIIIS 

Repairs to pieties may be made necessary by 
SCRATCHES, CRACKS OR BULLET HOLES. Ordinarily, 
badly damaged panels are replaced. If the damage is 
not too severe either emergency or permanent patches 
may be applied. A part that has been repaired with 
a permanent patch is approximately 85 percent as strong 
as the original. 

The first step is to determine whether the panel is 
made of glass or plastic. An easy way^^to^^^ijid out is 
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to press the point of a scriber — or any pointed tool — 
against the material. If the point leaves an impres- 
sion, the panel is made of plastic. 

You will do an emergency repair job when some- 
thing must be fixed in a hurry with a minimum of 
equipment. An emergency patch should be replaced, 
however, as soon as possible with a permanent patch. 
Or, a new panel should be inserted. 

Emergency repairs obstruct vision, are not weather- 
proof and are not dwraMe eiioiigh to withstand the 
stresses Imposed upon them, l^hey can he made in any 
of the f^lowing ways, ^el&er the repair is to a crack, 
or to a bullet hole. 

Suppose you want to make a laced patch. The 
first step is to drill a Vs to Vie/' relief hole at the end 
of the crack as in the first drawing of figure 229. TMs 
relief hole distributes the stress over a greater area 
and prevents the crack from spreading. The hole must 
be DIRECTLY AT THE END of the crack. if it is to serve 
its purpose. 



The next step is to drill yi'' holes down both sides 
of the crack, spaced Yi'' from the crack on both sides 
and apart. Place the beginning set of holes slightly 
beyond the relief hole, to offer additional support for 
the relief hole. Use copper wire, strong twine or a shoe 
lace to secure the crack in much the same manner as 
you would lace up your shoe. The lacing should be 
under even tension. 

Another way to fix the crack is to use a fabric 
PATCH. Grade "A" airplane fabric canton flannel, part 
of a shirt, or similar material can be cemented over 
the damaged part after the relief holes have been 
drilled. This repair can be used either on cracks or on 
bullet holes which have radiating cracks. Each of these 
radiating cracks should have a Vs to ¥iq inch relief hole 
drilled at its ends, as in figure 229. 

Soak the fabric in plastic solvent or cement and then 
apply it to both sides of the panel. In an emergency, 
you can use acetate dope, but it doesn't offer much 
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MACHINE SCREW PATCH 



Figure 229. — Emergency methods of repairing. 
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reinforcement because it is not a very effective cement. 

A cloth patch used on acetate plastic can be applied 
very readily with acetate dope, if no cement made out 
of acetone is available. 

A simple bolt repair may be used for quick repairs 
to a badly shattered area. In that case you drill the 
necessary relief holes. The repair from there on may 
be done two different ways. The simpler method is to 
repair a cracked piece of plastic in much the same way 
as you'd fix a cracked automobile windshield or plate 
glass window by the use of bolts. A second way, if a 
section is severely shattered and time does not permit 
even a temporary lap patch, is to bolt a piece of plastic 
over the top of the damaged area. 



Another way to repair cracks and bullet holes is to 
use a LA^ mmmt such as you see in figure 230* This 
is a semi-permanent r^air, since it takes several days 
to do a fini^ed joh. It partially obstructs vision so 
it should be replaced when possible. In making this - 
repair you use a piece of the same plastic (thickness 
and kind) as the originalj and cement it over the dam- 
aged area. The shape of patch depends on the amount 
of damage. The patch itself should be beveled and 
highly polished. It should overlap the damaged area 
about inch. Form it to the contour of the piece of 
plastic that you are repairing. (Forming will be ex- 
plained under the section on that subject.) Be sure 
the relief holes are drilled at the ends of all cracks. 

The patch may be cemented either with wood glue 
or by the soaking method — both of which will be ex- 
plained in the section on cementing. Place tape on 
those parts of patch and panel which are not to be 
cemented. The patch may be held in place either by 
a moderate amount of hand pressure or by weights. 
This patch shotdd be left to dry for from 24 to 36 



SEMI-PERMANENT REPAIRS 
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I 
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CURVED 
SURFACE 



FLAT SURFACE 
Figure 230. — ^Lap patch. 



hours before it is buffed and polished, to improve its 
transparency. 

PERMANENT REPAIRS 

You can permanently repair a crack or bullet hole 
by cutting out the damage area and replacing it wi^ 

A PLUG OF THICKER MATERIAL. 

Trim the hole to a perfect circle or oval and bevel 
its edges about 30°. File the plug to fit the hole and 
bevel the edges of the plug to a sharper angle than 
those of the hole. You can see this sharper angle in 
figure 230. 

After you have shaped the plug so that it will fit 
the hole closely, heat it until it is pliable and force 
it into the hole under a light pressure to insure a 
perfect fit. After the plug has cooled, remove it, tap 
it, and cement it into place> as in figure 231. Let it 
stand for 24 hours, then sand the plug flush with the 
pahei. Finish the job by bu^g and polishing. 
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The soak method of cementing is often preferable. 
The plug should not be sanded and worked down for 
three to ten days, depending on the thickness of the 
cushion of cement. Finish the job by buffing and 
polishing. 



If you practice and are careful, it is possible for 
you to obtain a cemented plastic joint which approxi- 
mates VERY CLOSELY the Original plastic in strength 
and transparency. 

There are a number of different cements which will 
hold two pieces of acrylic plastic together. Here they 
are» 

MoKoiiER is a liquid acrylate, kept in liquid 
state by the additioii of a reducing agent known as 
hydroquinone. This is a commeFcial cement and 
is often known as Cement X or^ Cement lA. It is 
used especially in the soak method of cementing. 



CEMENTING 
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Monomer solveht* la this type of cement, as 
muc^ as 50 f^erc^t methylene dichloride is added 
to t3ie monomer to improve its penetrating power. 
This type of cement is ^so used for the soak method. 

Solvent CEMBNt. The value of this cement lies 
in its ability to SOFTEN the surface of the acrylic 
plastic. As the two pieces are brought together, the 
solvent evaporates and the plastic hardens. The 
four solvents commonly used are ethylene dichlor- 
ide, methylene dichloride, glacial acetic acid, and 
acetone. Ethylene and methylene dichloride have 
proved to be the best. Acetone should be used as 

AN EMERGENCY SOLVENT ONLY, aS it tCnds tO IcaVC 

the surface of the plastic cloudy and hazy. 

Partially polymerized monomer. To produce 
this kind of cement, ordinary monomer cement is 
heated to its boiling point which is near that of 
water. This mmmt is highlit inflammabi.e» To 
prevent fire, hoil the monomer over an electric hot 
plate rather than an open flame. After the cement 
has cooled, it is a little more viscous than glycerine. 
Use this cemmt in the same manner as you would 
glue. You must keep it in a refrigerator to retard 
hardening. 

Solvent polymer cement. This is one of the 
most commonly used cements and is easy to pre- 
pare. Ethylene dichloride, methylene dichloride or 
glacial acetic acid, may be used as a solvent. In 
each case ordinary acrylate chips or shavings are 
added to the solvent until a viscous cement is pro- 
duced. As the solvent evaporates and the cement 
hardens, more solvent must be added to keep the 
cement at the proper viscosity. This cement is also 
used in the same manner as wood glue. 
Most of the solvents and cements are highly inflam- 
mable. Keep them in a cool, wei-ventHated place, free 
from dirt or any other foreign particles. Don^t mix or 



store them near an open flame. 
For best results, be sure that the pieces of plastic 
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that are to be cemented fit accurately. All jointed 
areas should be sanded smooth and cleaned of any 
foreign substances, preferably with wood alcohol or 
with soap and water. 

Parts that are not to be in direct contact with the 
cement should be taped to prevent the cement from 
marring the plastic. Masking tape should be used on 
joints to protect the surrounding area. The reason for 
this protection is that plastics eeact to ceinent and 
would be distorted or lose their traiispar^q?^ if ihey 
weren't protected. Figm 232 ^ows how the tape is 
applied. 

Some tapes are resistant to the action of the cements 
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—^REPRESENTS MASKING TAPE 
Figure 232. — Taping for differeiif typM of joints. 

used for plastic and Qthers are not. You can test the 
effectiven^s of your tape this way. Tape up a piece 
of plastic and soak it in the cement to be used for a - 
short time. If after the tape has been removed, there 
are indications that the cement has worked its way 
under the tape, then it is unsatisfactory. If the plastic 
remains unaffected, the tape is OK. 

There are two methods of cementing. One is the 
SOAK method and the other, the wood glue method. 

If you use the soak method, the first thing to do is 
to tape the joint to within Vie inch of the area to be 
cemented. 
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"Ntxt place the joint iii the cement. Either solvents 
or Monoiner may be lised^ Let the joints soak for a 
period of time, the length of which depends upon the 

type of cement. 

If ethylene dichloride is used, soak the joint for 15 
to 20 minutes. If monomer is used, soak it for 30 to 
45 minutes. The time the piece is left in the cement 
will vary according to the depth of the cushion desired. 
After soaking, clamp the joint in position and let it 
stay until it is dry. 

If you use the wood glue method, tape the joint 
to within %2 inch of the area to be cemented. Apply 
the prepared glue to the joint just as you would brush 
glue onto a wood joint. 

Apply just enough pressure in clamping to force 
out all the air bubbles from the surface of the edge. 
Jxi many cases, tibe success of a cementing job will 
depend upon the method used for damping the joint 
together while it dries. 

You should space clamps or jigs evenly Over the 
surface to keep the joint imder as much pressure as is 
practical. Be careful to see that the two pieces of 
plastic are not forced out of shape. If that happens, 
one or the other piece will be crazed. 

There are not any set rules for clamping plastics 
into position. Figure 233 will give you a general idea 
of how the clamping may be accomplished. Here is a 
list of items which may be used. 
Clamps — battery clamps, 
C-clamps, hand screw clamps. 

Jigs. 
Springs. 

Weights. 
Rubber bands. 
Metal bands. 



A joint wiU carry some stress in about 24 hours. 
However, even at 120° F., the full strength wiU not 



DRYING TIME 
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be realized for 10 to 14 days. At room temperature, 
30 to 60 days may be required for completely harden- 
ing a "soak." 

The joint should be thoroughly hard before work- 
ing. The softened material will shrink until it is fully 
set, and if the joint is trimmed and sanded too soon 
a visible scar will be left along the joint. 

The preceding information on cementing deals with 
acrylic plasto. Acetone is tbe solvent used in making 



BATTERY CLAMPS 
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re 



HANDSCREWS-MI ^*CS<3 — ^IQ 

with Ifgt OHd battery clamps. 



a solvent polymer cement. You add acetate plastic 
chips to the solvent until you have a viscous cement. 
This cement is used with the wood glue method. 
Acetone may be used as a solvent in a soaking method, 
but the plastic should soak a much shorter time than 
with acrylates (about 4 to 5 minutes). Acetate dope 
may also be used to cement acetate plastics. 

The drying time on acetates is much shorter than on 
acrylates. 
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The forming temperature for each plastic is different. 
For acrylates the temperature range is from 220 to 
300° F. Monocurve forming requires temperatures 
from 248 to 284° F., while multicurve forming requires 
a temperature nearer 300° F. 



The length of time the plastic remains in the fur- 
nace depends upon the size and thickness of the sheet. 
Usually, it should be heated from five to twenty min- 
utes. Test the plastic by grasping one corner. If it is 
very pliable, it is ready to form. You can keep strains 
in the plastic to a minimum by making sure that the 
material is properly heated before attempting to 
form it. 

If it is too soft, flaws may develop. Two of the 
common flaws are mark-off and crazing. Mark-off 
is a term applied to imperfections and indentions which 
are pressed into the soft plastic from a badly made 
form, or which are caused by handling the hot sheet 
incorrectly. Crazing can be produced by attempting 
to form a sheet that is not hot enough, by abnormal 
stresses applied to the sheet, or by using the wrong 
types of cleaners. 



DETAIL OF TRACK 
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Figure 234. — Oven for heating plastic sheets. 
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Use as many bolts or rivets as practical. 

Distribute the total stress as evenly as possible 
along the bolts or rivets. 

Drill the holes in the plastic larger than the 
diameter of the bolt or rivet. This permits the plas- 
tic to expand and contract without breaking. 
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FLUSH CHANNEL 
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JOINT 
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FLUSH INSTALLATION V\MTH_RtB 



Figure 235. — Typical mountings. 

Drill the holes in the plastic concentric with the 
rivet or bolt and the window frame. Otherwise ex- 
pansion will cause bending at one edge of the hole. 

Use TUBE SPACERS like those in figure 236 or some 
similar device to protect the plastic from direct or 
too miich pressure. 
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Packing is used on either side of a plastic sheet in 
a channel or window frame for three reasons. It makes 
the installation or momting waterproof. It reduces 
vibration. It takes care of Mie v^iation in thickness 
between the plastic and the mounting. 
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NUT AND BOLT 
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Figttra 236.^More typical mountings. 



Packing doesn't prevent high stress, but rather 
tbahsfers it f f oni one area to another. Coninion types 
of packing are synthetic rubber, natural rubbejr, cork, 
felt, fabric, or combinations of Uiese matedals. If 3^ 
use rubber, it should be soft and approximately ^060 
inch thick. Be sure, if you pick other types of pack- 
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ingj to see that they don't contdn solvents for the 
plastic being used. 

Different tj^es of mountings will require varying 
specifications. But these specifications must all in- 
clude the following items. 

There must be a minimum edge distance so that 
the panel will fit into the channel. 

You must make allowance for expansion and con- 
traction of the plastic. 

There must be a minimum thickness of packing. 
An acrylate plastic 12 x 12 inches in area should 
extend into the channel .625 inch plus contraction 
clearance. (The contraction clearance is .002 inch 
per inch of panel width.) 

Larger panels should extend 1.000 inch plus con- 
traction clearance. 

There are a number of things you ^ould take into 
account in figuring how thick a plastic panel should 
be for a window. For example, a square panel should 
be thicker than a long narrow panel of the same area. 
Another thing — ^bends in the plastic add to its strength 
and rigidity. 

If ribs are to be cemented to the plastic, you can 
make the panel of thinner material. Deeper channels 
also permit the use of thinner panels. If the edges are 
routed, however, a thicker sheet will be required. 

Another factor which determines the thickness of 
the panel is the amount of pressure to which it will 
be subjected. The pressure, of course, depends upon 
the location of the panel and on the speed of the 
airplane. 

Here is the general rule for deciding upon the thidk- 
ness of a plasdc panel-— 

Use the same thickness as on the original when 
making a replacement, unless special factors enter the 
case. 

When installing a panel, make the proper allowance 
for THERMAL EXPANSION of the plastic. And remem- 
ber, the width of the channel should hg^JS^^tj^j^Jiough 
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to allow PACKING to be inserted on each side of the 
sheet of plastic. 

Avoid excessive tightening of bolts or rivets. Tighten 
nuts up snugly; then back them off one full turn. 

For installation purposes, the area to be covered 
decides the thickness of the sheet which you will use. 
For panels not subjected to high stresses, the thick- 
nesses given below are all right for the area listed. 



Thickness of Plastic Sheet 



Maximum 
Recommended 
Area 



.060 
.080 
.100 
.150 



6" X 6" 
12" X 12' 
IS" X 18" 
24" X 24" 
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cHArrER 1 



METAL PROCESSES 



1. What type of coating makes galvanized iron out of sheet iron? 

2. Where is galvanized iron commonly used in aviation metal 
work? 

3. (a) What kind of seam is best for cofistnicting sudi gal« 
y^jized iron objects as liiimels and tanks? 

(A) What other seajtns are coinmoniy uised ndlh galvanized 
iron? 

4. How would yott make a wire edge? 

5. What tools or machines would you use to cut large pieces of 
metal along straight lines? Curved lines? 

6. What is the easiest way to cut small holes in metal? Large 

ones? 

7. Name five types of sheet metal stakes and mention sOme of 
their uses. 

8. How would you bend metal stock to form a cylinder? 

9. (a) What are the names of the two kinds of metal-bending 
machines? 

(b) What is the basic difference between them? 
10. How would you make a burred edge? 
lU (a) How does a slip-forming madime work? 

0) How do you adjust its roUs for makic^ a tapered shape? 
12. What advantage does a pneumatic diill have over an electric 



13. At what angle do you hold a drill when you're pierdng a 
flat or rolled surface? 

14. Is it smart to put pressure on a drill when cutting? 



eif APTER 2 



FORMING ALUMINUM 




1. 



Why is aluminum such a popular aircraft metal? 
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2. What is the purpose of annealing? 

3. What are two types of treatment used to prevent corrosion? 

4. (a) What kind of hammer is used to smooth the surface of 
parts after they have been formed? 

(b) What other tool do you need to use with this hammer? 

5. What types of aircraft aluminum will withstand the greatest 
amount of shrinking and stretching? Why? 

6. What tools do you use to take out bumps? 

7. (a) What is a "hold down plate" for? . 
(b) How do you use it? 

8. What surface condition on the material indicates that the 
materia! needs annealing? What are some dj^er signs? 

9. In §m^n$j why do you need a backup tool? 

10. Why are the edges of li^ht^^ holes in sheet metal often 



1 1 . What is the purpose of sandbag bumping? 

12. What tools do you need to joggle an angle strip? 

13. (a) What is a bend radius? {b) A bend tangent? 

CHAPTER 3 

RIVETING 

1. (a) Which type of rivet head offers the least resistance to 

airflow? 

(b) Name another type which offers little resistance to air- 
flow, and is particularly adaptable for use in thin sections. 

(c) What are the other basic types of rivet heads? 

2. "Decode" these rivet symbols — 

(a) AN442D-3-4. 

(b) m4Baim--4^, 

ic) AmS6Al>-4-5. 

3. If you are holding in your hand the four rivets designated in 
question 2 above, on which rivet head will you feel a raised 



4. How will the others be marked? 

5. Which of the rivets in question 2 have to be heat-treated 
before they can be used? 
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6. What factor determines the selection of the correct diameter 

rivet? 

7. How do you decide how long a rivet should be used for a 

particular job? 

8. (a) What is the absolute minimum edge distance for rivets? 
(b) In actual practice, how much space is generally left 
between rivets? 

9. (a) How do A17S-T rivets compare with 17S-T rivets in 
strength? 

(6) When you select nvets of one $Xlbf to replace rivets of 
£t. stronger m^terlalj what rule mmi you foUow? 

10. itow do y0n select the tight liv^ing gun lor a particular |ob? 

11. Name four different kinds of bucking bars. 

12. How do you rivet by hand? 

13. Why is it always a good idea to dbeck the air inlet and hose 
fittings before you start to use a pneumatic riveter? 

14. What is the most efficient type of rivet set? 

15. What does "psi" mean? 

16. In the salt bath, do the rivets come in contact with molten 

salt? 

17. How long does it take to age harden rivets? 

18. What is the main advantage of flush riveting? 

19. Describe what is meant by dimpling. 

20* What is the ^tmctiye feature of a charry rivet? 

21. What are two types of cherry rivets? 

22. What type of cherry rivet does <Jie Navy use? 

23. Are cherry rivets as strong or stronger than AD rivets ol the 
ssam diiuneter? 

24. What is the big advantage of explosive dvets? 

25. In the new type of explosive rivet, does the shank expand 
after the explosion? 

26. What tools do you need to install and expand explosive rivets? 

27. If an explosive rivet does not expand, can you use it again? 



1. Are any fasteners retained as permanent parts of an aircraft 



CHAPTER 4 



FASTENERS 



structure? 
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2. What are Cleco sheet fasteners used for? 

3. How do you determine the size of machine screws? 

4. What are some of the restrictions on the use of machine 
screws? 

5. What are P/T's? 

6. (a) How are anchor nuts fastened to the sheets they hold 
in place? 

(b) On what sort of structures are anchor nuts most com- 
monly used? 

7. What is the diff^r^ce between anchor nuts and channel gang 
ntits? 

8. What some of the valuable characteristics x>f Dzus fas- 
teners? 

9. What are rivmuts? Where are they most commonly used? 
IQ. Why is it a good idea to use a plug screw with a rivnut even 

if no part is attached? 

11. (a) What is the basic difference between a Dill lok-skru and 

Dill lok-rivet? 

(b) How do Dill lok-skrus and lok-rivets differ basically 
from rivnuts? 

12. How big a turn does a Camloc fastener require to open or 
close? 

13. What are the three parts in a large-size Camloc fastener? 

14. How do you peen a Cam {astener? 



CHAPTER 5 

STRUCTURAL REPAIRS 

1. What kMd of metal should be usM lor watertight patches? 
2» How should rivets be placed when a double tow of rivets is 

used? 

3. (fl) What is done to a lap patch to assure a tight fit? 

(b) How much should a lap patch overlap the hole? 

4. Briefly outline the riveting procedure for making skin repairs. 

5. (fl) How should small cracks in non-stressed and stressed 
skin be repaired? 

{b) How about the procedure for repairing small, holes in 

stressed and non-stressed skin? „ . . ,^ 
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6. What short method is used to determine the number of rivets 
required on each side of a patch for stressed skin repair? 

7. (a) What are filler splices and insertion splices used for? 
What is the difference between them? 

(b) What should be the size and shape of a filler splice? 

8. (a) How long must the reinforcement for a filler splice be? 
(6) How can splice stock be made if no exteuded stodk, is 
available? 

9. In makiiig a spliiDe) how do yon determine— 

(a) The ske of rivet to use? 
{b) the rivet pattern? 

10. (a) Wiiat are spars? 

(b) What are three types of ribs? 

{c) Outline the general repair procedure followed in making - 

repairs to spars, ribs and bulkheads. 

11. (c) What materials are used for trailing edges? 

(b) Why is there considerable chance for corrosion on a trail- 
ing edge? 

12. (a) Why is 3D rivet spacing not necessary for a trailing edge 
splice? 

(6) What should the spacing be? 

13. (a) How is a o'ack on a trailing edge repaired? 

(b) How is a iMge area ill a damaged V-angle channel-type . 

trailing edge repaired? 
14 For what would you use a hole finder? 
15. What l^^s of dM^e should you look for in inspecting 

damaged ^sin area? 



CHAPTER 6 

TANKS 

1. Where can you find detailed instructions for repairing any 

tank? 

2. (a) What general methods may be used in repairing alum- 
inum tanks? 

(b) Which of these methods .cannot be used for repairing in- 
tegral tanks? Why? 

3. (a) How do you clean a metal tank before welding it? 
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{b) How Aom this cleaning procediife 0$tf from ^at to be 
tiseij if jm repair by soldering? Bf rii^tiog? 
4« Wby $houl^ intqgmt tan^ refilled 4s sooti as possible alter 
tliey ^are ewptied? 

5. WWdb of the ^ree parts of a self-sealing fuel cell provides 
the sealing effect? 

6. What Is the chief purpose of the repair of self-sealing fuel 
cells? 

7. What are the five types of repairs to self-sealing fuel cells? 

8. How deeply should the outside surface be buffed for a per- 
manent blister repair? 

9. How many hours before using can cement be mixed? 

10. How can you tell when the cement on the patch, or the sur- 
face on the cell, is ready for another coat or for applying the 
patch? 

11. In removing a cell, what is the next step after dl hose, tubes, 
and fitting^ have disconnected? 

12. Whoever possible, should sloslfed type fuel cells be s^t back 
to the factory for repairs? 

13« What is liye isiisudinUin tinje a naan ^Oiild work al6iie m a cell? 
14. How bi^ inay cells packed in cartons be stacked? 



CHAPTER 7 



1. How may tubing used in modern aircraft be classified? 

2. What aircraft tubing must be flexible? 

3. How is flexible tubing measured? 

4. Why must the ends of tubing be cut square before flaring? 

5. Why has aluminum alloy largely replaced copper as tubing 
material? 

6. What is the general rule for quenching copper tubing after 
annealing? 

ti What mlot band is used m fuel lines? On lubricat&tg oil? 

8. On a hacksaw blade used fot cutfing rigid tubing, how many 
teelh should there Ibe to the inch? 

9. What is the mhjiwutti bend radius for a copp^ line 5^ inch 
In ^ahieter? 
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10. How should tube bending filler alloys be lieated? 

11. What is the advantage of the "tri|>ie tube" tfpe of fitting? 

12. Which dutninum alloy is most Widely used lor tubing? 



CHAPTER 8 



PLASTICS 



1. ^lasti^ are ciasslfied into 2 groups, according to their reac* 
tions to heat. What are those groups? 

2. (a) What are the two main types of transparent plastics? 
(b) What are the three methods for distinguishing between 

these main types? 

3. (a) What are some of the precautions to be observed in 

storing plastics? 

(b) How are plastics protected for storage? 

(c) How should masking paper be removed from plastics? 

4. (a) What are the methods of cleaning transparent plastics? 
(b) What protective coating is given the plastic after clean- 
ing? 

5. (at) What compounds are used OpL bufifing wheei 
(d ) What is the buiSiig procejdure? 

6* (fl) What type of saw blade is itsed for sawing plastics? 
(b) At what speed should a saw blade run when saw^ 
plastics? 

7. What is the procedure for sanding plastics? 

8. (a) What types of drills are used for drilling plastics? 

(b) What are the correct angles of a drill point for drilling 

plastics? 

(c) What are some of the precautions to be observed in 

drilHng? 

9. What are the precautions to be observed in tapping and 
threading? 

10. What is the first thing to do when you detect a crack in 
transparent plastics? 

11. How may bullet holes in plastics be ref^red? 

12. (a) How may pasto be jbi^^ 

(b) What are the names of the most Gommoit types of ce- 



ments used on aoylic plastics? 
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(c) What precautions must be observed when mixing or 

storing these cements? 

(d) What are the two methods of cementing? 

13. What are two types of forming used with plastics? 

14. (a) What methods may be used for heating plastics? 

(b) What is the temperature range for monocurve forming 
of ^ryiate plastics? 

15. What are some of t^e precautions to be observed when using 
nut, bolt) or riveted ttiount^ogs? 

16. What are the three reasons packing is used for instaUations? 
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ANSWERS TO QUIZ 



CHAPTER 1 



MiTAL 




1. 

2. 
3. 

4. 

5. 
6. 

7. 

8w 

9. 



10. 
11. 



12. 
13. 
14, 



Zinc. 

Laying out templates. 

(a) Grooved seam. 

(b) Standing seam and lap seam. 

Bend metal around wire or rod by hand, or by using bar 
folder. 

Hand shearing snips, squaring shears. Unishear. 

Punching machine. Combination scroll and circular shear, or 

the aircraft snip. 

Check your answer against pages 00 and 00. 

Use a hollow mandrel stake and bemd around, using hand atid 

maHet 

(a) Folders and brakes. 

(d) Folders limit the width of the bend, whereas brakes 
do not. 

Use a burring machine, set and aline properly, and turn disk 

carefully through the rolls. 

(a) It uses three rolls. Two feed the sheet through, and the 
third serves as an idler to shape the metal as it comes through. 

(b) Set the rear roll so that the rolls are closer together at 
one end than at the other. 

Better control (achieved by varying input of air). 
Perpendicular to surface. 
No. You may break the drill. 
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CHAPTER 2 



FORMING ALUMINUM 



1. 

2. 
3. 
4. 

S. 

6. 
7. 

8. 

9. 

10, 
11. 

12. 
13. 

1. 
2. 



High strength to weight ratio. In other words, it's light but 
strong. 

To mfim inetal for greater ease in forming. 

Citing OF anodic. 

(a) Finishing hanuner. 

(&) Forming block. 

Fiiliy aimealed 2S, 3S and S2S. They are extremely soft 

materials. 

Mallet, form block, template, and hold down plate. 

(a) To keep the metal in place and to make sure that it is 
securely in contact with the form block while it is being 
bumped. 

(b) Fasten it with clamps (not too tightly) to hold metal 

to form block. 

Grainy appearance. Springiness of the material, ringing tone 

when struck, or increased resistance to forming. 

To raise the creases which form on the outer edge of the flange 

as the metal is bammefed» 

To help stiffen the am afOttiid the hole. 

To fonn metial where §&0il$ bag will gilre better re^ts 

than sl solid formblOck. 

A speciajly designed joggling block, mm, and mallet, 
(a) The etirvattif e at the bend of a piece of metal. 
($) Line where bend begins. 



(a) Couatersunk, 

(b) Brazier. 

(c) Flat head and round head, 
(a) AN442D-3-4 

Length ('f^e inch) 
Diameter (%2 inch) 
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3. 
4. 

Sv 

6. 
7. 

8. 

9. 

10. 
11. 



Alloy (17S) 
Head shape (Flat) 
Army-Navy specifications 
(6) AN430DD-4-6 
Length (%g inch) 
Diameter inch) 
Alloy (24S) 
Head ^ape (Round) 
Anii3r-N'avy speci£i(^^Qiis 
AN4I6D-4-S 
lengtli (%8 inch) 
Biameter (%2 vack) 
Alloy (A17S) 

Head shape (Brazier, modified) 
Army-Navy specifications 

id) AN425AD-5-6 
Length (^o inch) 
Diameter (%2 inch) 
Alloy (A17S) 

Head shape (Countersunk) 
Army-Navy specifications 
The one in (a). 

{b) head w31 have biro raised bairs on opposite sides. 
(c) and (d) heads iviU be dimiiled. 
(a) and (6). 

The tMckness of the section through which the rivet is to be 



The correct length of the rivet should equal the sum of the 
thickness of the metal plus 1}4 times the diameter of the rivet 



(a) Twice the rivet diameter. (2^ times countersunk rivet 

diameter.) 

(a) 17S-T rivets are stronger. 

(b) The new rivets must be a size larger than the rivets they 



Consider the size and type of alloy of the rivets and the acces- 
sibility of the place into which the rivets are to be driven. 
Any four of these: angle, stringer, skin, torpedo, flange, dia- 
mond point, nut plate, offset, duck bill, tube. 
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12. Drill your holes and insert rivet of right size and material. 

Place metsA to be nveted over bucking block with rivet hsad 

m mp* Now strike rivet end with hamixierr 
i3„ See that the^ are £ree fmm fordgii purtt^tes. 

14. A short, straight set. ^ 

15. Pounds pBX^ square inch. 

16. No. 

17. Four days. 

18. Reduces airflow resistance. 

19. Pressing metal around a rivet hole to the proper shape by 

using dies. 

20. It can be inserted and secured "blind" (one side only). 

21. The hollow type and self-plugging type. 

22. The self -plugging type. 

23. No, weaker. 

24. It can be inserted and exploded from the outside only. 

25. Yes. 

26* Esplosive rivet gun. 
27. Nio> this is bad ptactice. 



CHAPTER 4 



1. ITes. 

2. To hold sheet metal accurately in place during drilling and 

riveting. 

3. By the outside diameter of the threads. 

4. Check your answer against page 128. 

5. Parker Kalon screws. 

6. (c) By rivets driven through the flanges which extend from 

opposite sides of the nuts. 

(b) Structures which must be easily detachable. 

7. Channel gang nuts are series of anchor nuts inserted in U- 
type channels, or strips, and held in place by the top ledge of 
the channel. 

8. They are easily installed, readily opened, securely locked, 

compact, adaptable, and neat in appearance. 
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9. Rivnuts are internally threaded, on&«piece type mits, ma- 
chined from 53S-W. They are most commonly used as 
fastening devices where it would be hard to drive ordinary 
rivets. 

10. Because it will increase strength of the rivnut, prevent wind 
whistle, and prevent the entrance of moisture. 

11. (a) The lok-skru is tapped for a screw, whereas the lok- 
rivet is not. 

(b) Lok-skrus and lok-rivets are two piece devices, whereas 
a rivnut is a one-piece device. 

12. Qu^ter turn. 

13. Cam collar, grommet, and stud assemMy. 

14. With a special Cam punch or a ball peen hammer. 



1. An alloy of the same type and temper as the damaged skiOi.. 

2. (a) They should be staggered, with the rivets of the outer 
row spaced approximately four rivet diameters apart. 

3. (a) The edges are crimped to about 15°. 

(b) Enough to allow proper edge distance from the rivets. 

4. Check your answer against pages 168 to 171. 

5. (a) Check your answer against pages 171 and 173. 
(b) Check your answer against pages 173 and 175. 

6. The length of the hole (after ragged edges are cut away) is 
multiplied by E to give the mimtnum number of rivets 
required on each side of the patch. 

7. (a) Repladng damaged length of stringers, a filler spice 
up to 12 indbes in length is back^ up with a solid wekiforc^ 
ment spHce overlapping the original stringer, whereas, m- 
sertion splices replace leii^hs greater than 12 inches by 
individual reinforcement splices attaching the ends of the 
12 inch filler to the original stringer. 

(^») In shape it should be like the original stringer, and its 
length should be V.2 inch less than the damaged length but 
never more than 12 inches. 



CHAPTER 5 



STRUCTUIIAL 
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8. (a) Long enough to extend at least four times the width of 
the stringer on each side of the damaged area. 

{b) By forming sheet metal in a brake. 

(c) The bend radius of the material being shaped must be 

kept wiliiiii the aUowmice li^it. 

9. (a) Tbe f ivet size be the mm as that of the rivets 
in the original stritiger. 

(b) The rivet pattern sbouM iollow standard rivet^ rates. 

10. (a) Members which tun the entire length of an dtplane 

wing and carry bending loads imposed on the mng. 

(b) Trussed rib, ribs with bent-up sheet flanges and flange 
holes in the web, and ribs with solid webs and extruded angle 
or channel stiffening flanges. 

(c) Check your answer against page 191. 

11. (a) Metal and fabric. 

(b) Moisture tends to be trapped in the trailing edge when 
the drainage holes become clogged. 

12. (a) Because trailing edges are considered non-structural 
parts, 

(b) About 8D. 

13. (a) By a reinl orGement s^pBoe. 

(b) Check your amvm against page 20S. 

14. ]>)cking rivet holes^ 

15. Check your answer ^iiist page 211. 



CHArrER 6 

TAHKS 

1. Technical notes, Technical orders, specifications, and manu- 
facturers handbooks. 

2. (a) Welding, riveting, and (if the tank is nickel plated) 

soldering. 

(b) Welding and soldering, because the only way to clean 
integral tanks is by drying, and drying does not remove ex- 
plosive fumes. 

3. (a) Check your answer against page 221. 

(b) It is not necessary to clean the tank with water or steam 
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for a soldering job, provided ali fuel or oil has been com- 
pletely drained, and in riveting repairs the tank should not 
be cleaned with water or steam. 

4. To prevent the drying out of the sealing compound, and the 
resultant development of leaks, in the empty tank. 

5. The middle layer (sealant). 

6. To restore to the inner liner its resistance to the action of 
aromatic fuels. 

7. Flat patch repair, build-up repair, seam or lap repair, and 
blister repair. 

8. See table XII. 

• 9. Sbc to eij^t hottrs. 

10. When the surface is tacky but no cement sticks to your 
knuckle after you press it $im^ against the cemented surface. 

11. Collapse the cell by pulling in on the larger surfaces, and 
^km place straps around the cell to hold it in the collapsed 
position. 

12. Slpshed cells should not be repaired. Replace them with new 
type cells. 

13. Never work alone in cells. Always work in pairs. 

14. Only so high as to not cause the bottom carton to collapse. 



1. Structural and non-structural. 

1, Any fuel fine tubing that is directly connected to the engine. 

3. By the inside diameter. 

4. If they are not cut square the tube md nut may not seat 
properly. 

5. Because aluminum alloy is U0it, and does not work-harden 
as rapidLy as argpet, 

6. Quench it in water if you have a tank large enough to hold 
the whole section of tubing. 

7. Red, yellow. 

8. 32. 

9. Ij/z inches. 



CHAPTER 7 



TUBING 
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10. In a laidle ^ boili^ water. 

11. It extends into tbe fitting a' shorter distance than does the 
two-part type, and therefore is more easily removable. 

12. . 52S. 



CtlAPTilK 8 
PLASTICS 

1. Thermosetting and thermoplastic. 

2. (a) Acrylates (methyl methacrylate) and acetates (cellulose 

acetate.) 

(b) Hardness test. 
Acetone test. 
Burning test. 

3. (a) Check your answer against page 290. 

(b) They iare covered tough nuisfcing paper. 
{c) It Should be ifted at one comer afid rolled of. 

4. (a) Check yoiir answer against t>ages 292 and 293. 
(b) Wax. 

5w (a) Fine alumina or similar abrasive, used with waX; tallow 
or grease binder. 

(b) Check your answer £^ainst pages 294 and 296. 

6. (a) Check your answer against page 297. 

(b) Band saws: 8,000 to 12,000 surface feet per minute. 
Circular saws (12 inch diameter): Approximately 3,400 rpm. 

7. Check your answer against pages 296 and 297. 

8. (a) Standard metal-use drills, preferably with wide flutes. 

(b) 70° lip angle or 140° point angle, and 4° to 8° lip 
clearance angle. 

(c) Use the proper speed and feed. 

Decrease tiie rate ol feed as the depth increases. 
Lift tiie drill occasionally. 
Use goggles or face shidd. 

9. your aiisvver against p^ge 300. 

10. Drill relief hdles. 

11. Cut out the danced area and replace it with a plug of 
thicker matenal. 
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12. (a) By cementing. 

(b) Monomer, monomer solvent, solvent cement, partially 
polymerized monomer, and solveat polymer cement. 

(c) Soak method and wood glue metliod. 

15. Monocurve (simple) fonning and multicurve (stretch) form- 
ing. 

14. (a) Electricity, gas, steam, alcohol kmp or blow torch. 
(b) 220 to 300° F, 

15. Check your answer against pages 300 and 303. 

16. It makes the installation waterproof, reduces vibration, and 
adjusts for the variation in thickness between the plastic 
and the mounting. 
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Please • • • 

Take good care of this training course. It is only loaned 
to you. When you have completed the course, return it to 
your Educational or Divisional Officer for reissue. This book 
must be reissued until it becomes unfit for further use. If the 
Navy is to continue issuing sufficient training courses to meet 
the increased demands of its enlisted personnel, it must exer- 
cise the strictest economy in the use of its books. Please 
cooperate! , 
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